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@ Method of manufacturing sodium-metal oxide. 



@ Process for manufacturing sodium-metal oxide by 
burning a mixture comprising as a first constituent com- 
pounds containing sodium (1) and, as a second constituent, 
compounds containing the metals aluminium, titanium or 
vanadium (2). The burning is accomplished by spraying 
the mutually mixed compounds in the aqueous phase and 
in dropshape into a burning chamber (6) where the com- 
bustion takod place at a t««mperature between 970 and 
leTO" K (700 and 1600' C). 

Advantageously, the compounds containing sodium 
are combustible sodium lignosulfonates or other sodium 
derivatives of lignin contained in the spent digestion liquors 
from the production of cellulose. Preferably, an aluminium 
compound is used, which is subsequently converted into 
sodium aiuminate. 
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Disclosure of the invention 

The present invention concerns a method of manufacturing 
sodium metal oxide by burning from compounds containing 
soditun and the respective metal, said metal being alumi- 
5 nium, titanium, or vanadium. The process is intended pre- 
ferably for use in producing sodium alurainiAim oxide, or 
sodi\xm aluminate, in connection with the recovery and 
regeneration of the digesting and/or bleaching chemicals 
for cellulose on a sodium basis. The process is further- 
10 more intended for use in the manufacture of pure oxides 
and other compounds of said metals. 

Aluminium and aluminium compounds have a very strong ten- 
dency to operate as an autocausticizing agent by replacing 
the anoinic components of sodium salts as they react with 

15 sodium salts. Based on this, aluminium and aluminium com- 
pounds may be advantageously used when producing sodium 
sulfite for cellulose digestion, out of sodium compounds. 
A process, based on the powerful autocausticizing tendency 
of altiminium compounds, for the manufacturing of sodium 

20 sulfite for use in cellulose digestion, out of sodium com- 
pounds and aluminium compounds, is known through U.S. 
Patent No. 3,06l,408 (J^ LURIE). In this process, the li- 
quor waste from the digestion of a substance containing 
lignocellulose is concentrated and burned in the presence 

25 of compounds containing silicon or aluminium in abundance; 
the sodium-containing reaction products are converted into 
sodium sulfite with the aid of sulphur dioxide, sulfurous 
acid or sodium bisulfite, said silicon and aluminium 

compounds containing SiOj or AI2OJ respectively as reactive 

30 components. In said publication it is particularly empha- 
sized that a long retention time of the reacting substance 
is necessary for the reaction to be completed. Such long 
retention time is achieved by using a kraft or a glass fur- 
nace. 
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In U.S. Patent No. 3,787,283 (D.R. SHEELEY ET AL.) a pro- 
cedure of the same type as that in the above-mentioned 
patent to LURIE has been used, except for the fact that 
in order to achieve a long retention time a rotating fur- 
nace is jased, into which are supplied granules made up by 
5 aluminium ashes gained from burning and by waste liquor on 
a sodium basis. In this way about one-third of the ashes 
which are formed can be recovered as sodium aluminate. 

In the making of sodium aluminate essential significance 
attaches to the phase forms of the compound and to their 

10 changes. When the temperature is about 390 to 720 (120 
to i| 50 ^C) mainly water molecules are detached from the 
sodium aluminate solution. Up to 1370 (1100 ^C) sodium 
aluminate occurs as compound NaAlOg* At temperatures be- 
tween 1370 and 1^170 (1100 and 1200 ^C) the decomposition 

15 of sodium aluminate starts. If free carbon is present, 
there is formed x.Ksl^O y.AlgO^, where x/y is 1/1 or 1/11, 
as well as sodium and carbon monoxide. At the same time tl)e 
oxide beta-AlpOj begins to form, which is decomposed at 
1670 to 1770 °K (liJOO to 1500 ^C) and the oxide alfa-AlgO^, 

20 or corundum, which is an extremely stable and difficultly so 
luble compound and one which is difficult to handle. When 
sodium aluminate is being made of sodium carbonate and alu- 
minium oxide the formation of the compound NaAl^ begins at 
770 (500 ^C); the reaction mainly takes place at 920 to 

25 1370 (650 to 1100 ^C). 

Sodium aluminate, which is excellently suited for the pro- 
duction of sodium sulfite with the aid of sulphur dioxide 
in the manner outlined above, is produced in the water phase 
and in dry conditions at temperatures between 350 and 1^70 
30 (80 and 1200 ^C) Independent of the state of the starting 
substances. In practice, too, sodium aluminate is being made 
by the wet and the dry methods. 

- 4 - 
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In the wet s odium aluminate producing method, bauxite or 
trihydrate of aluminium oxide is solved in a hot sodium 
hydroxide solution having a temperature, for instance, of 
490 to 520 (220 to 250 °C). The viscous solution thus 
5 obtained is dried in drum dryers at a temperature lower 
than 470 (200 °C) whereby white crystalline sodium 
aluminate is obtained, having a moisture content of about 
20 The aluminate is dried at about 990 °K (720 °C) in 
order to complete the reaction. The moisture of the end 
10 product amounts to about 0.6 %. 

r. 

I ■ ': 

In the dry method, the aluminium- containing substance is 
admixed to a sodiiim compound, such as carbonate for in- 
stance, and the mixture is heated in a rotating furnace 
at 1170 to 1370 °K (900 to 1100 ^C) until the reaction 

15 has come to an end. Crystallisation of the sodium alumi- 
nate implies a comparatively high alkali content. When 
the temperature exceeds about 1370 °K (1100 ^C) the oxides 
beta-AlgOj and alfa-AlgO^ begin to form. Sodium aluminate 
is also obtained at temperatures lower than those mentioned, 

20 by reacting sodium hydroxide and natural aluminium oxide 
with each other. 

(;':•■• Other procesi^ for the production of NaAlOg have been des- 

cribed, f6r instance, in German Patents No. 93 and 1 650 
of 1877, in German Patents No. 7256, 31 6f5, 80 O63 and 
25 112 173, and in U.S. Patents Ho. 877,376 and 2,73^,796. 

The main drawback of the above-described processes to LURIE 
and SHEELEY is the long retention time which the reaction 
of the sodium and aluminium compounds requires to allow the 
reaction to proceed to its end, whereby a large kraft fur- 
30 nace, glass furnace, or rotating furnace becomes necessary. 
Tne capacity - and the price of the furnace will thus be 
high, and the operating expenses of the process are like- 
wlbe high. 

- 5^- 
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When producing sodium aluminate by the wet method, allow- 
ing sodium and aluminium solutions to react with each other, 
one has to handle large quantities of solutions. This na- 
turally implies large size tanks and liquid handling e- 
5 quipment. Furthermore the aluminate obtained has to be 
dried at an elevated temperature. When producing sodixom 
aluminate by the dry method it is likewise necessary to 
use big reactors. This is because the raw material mix 
(aluminium compound plus sodium compound) is handled in 
10 granular form, the compounds reacting with each other in 
granular form* 

In the production of sodium aluminate additional difficul- 
ties are caused by the formation of an insoluble oxide, i. 
e. of corundum. To wit, at temperatures beyond 1370 
15 (1100 ^C) the formation of corundum starts, particularly 
if no excess alkali is present. 

T3t is an object of the present invention to eliminate the 
drawbacks mentioned. It is a further object of the inven- 
tion to develop a new process for the production of sodium 
aluminate in which the formation reaction of the sodium 
aluminate proceeds in such a rapid manner that the reten- 
tion time in the reactor is short. It is still an other 
object of the invention to develop a new method for the 
production of sodium aluminate in which no corundum is 
produced. It is yet a further object of the invention to 
develop a new process for the production of sodium alumi- 
nate in which it is possible to use inexpensive sodium com- 
pounds and inexpensive aluminium compounds as raw materials. 
It is still another object of the invention to develop a new 
process for producing sodium aluminate which is particularly 
appropriate for the making of sodium sulfite intended for 
use in sulfite cellulose digestion and in which wastfr li- 
quors from sodium-based cellulose digestion and aluminium 
hydroxide are used as raw materials. 

.4. 
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The chiaracteriBtic features of the invention are out- 
lined in the attached claims. 

The invention will now be described in greater detail 

and 

with reference to preferred embodimentSMio the accom- 
3 panying drawings » in which 

Pig. 1 shows 9 by way of a block diagram, the production 
of sodium aliiminate by the process according to the in* 
vent ion, and 

I-" 

Fig. 2 shows, by way of a block diagram, a cellulose di- 
10 gesting process employing the process of the invention, 
and the sodium aluminate produced thereby in the produc- 
tion of sodium sulfite. 

Pig. 1 shows a burning process according to the invention, 
for making sodium-metal oxide from compounds containing 

15 sodium 1 and the respective metal 2, by burning, said me- 
tal being aluminium, titanium or vanadium. In the embodi- 
ment presented, the compounds 1 and 2 containing sodium 
and the particular respective metal, for instance a sodium 
salt and a metal hydroxide, are conducted into a mixer 3 

20 and further., in the form of an aqueous suspension 'I mixed 
in the mixer, into a nozzle 5* by which the suspension is 
sprayed into a burning chamber 6 in the form of droplets 
and is burned at a temperature between 970 and I870 
(700 and 1600 ^C) to become sodium-metal oxide. Prom the 

25 burning chamber 6, the sodium-metal oxide 8, such as so- 
dium aluminate or NaAlOg ash for instance, is separated by 
the aid of separating means 9 and removed for further 
treatment or conversion as indicated by numeral 10. The 
flue gases 7 from the burning chamber 6 are removed and 

30 carried to a unit for recovering heat and chemicals. In 
addition to the metal compound, combustion air 12 is also 
conducted into the burning chamber 6. 



-? - 
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When the burning process is initiated, the temperature 
inside the burning chamber 6 (of Pig. 1), in which the 
burning of sodium-metal oxide as taught by the inven- 
tion takes place may be adjusted to its desired quan- 
5 tity by means of an additional burner 11 using addi- 
tional fuel and by which the burning chamber is heated 
to a burning temperature of 970 to 1B70 (700 to 1600 
^C) preferably 1170 to 1570 (9oo to IJOO ^C). When 
substances with a high thermal value , such as 

10 for instance sodium lignosulf onates , alkali lignins ob- 
tained from cellulose digestion and aluminiiun hydroxide, ^ 
are used as compounds containing sodium and the respec- 
tive metal no additional heat is usually required in the 
burning chamber, i.e., the heat derived from the process 

15 will maintain the desired temperature. 

When sodium aluminate is being produced by the procedure 
according to the invention, the principal part of the 
compound used is preferably an aluminium compound, for 
instance aluminium hydroxide, bauxite, pure aluminium, 
20 aluminium oxide, or another equivalent aluminium com- 
pound. 

The sodium containing compound utiUxect may consist, for C 
instance, of sodium compounds obtained from waste liquor 
of sodium-based cellulose digestion such as sodium ligno- 
25 sulfonates or alkali lignins, sodium sulfide, sodium hy- 
droxide, sodium oxide, sodium bicarbonate, sodium sulfate, 
sodium sulfite, sodium bisulfite, or other equivalent so- 
dium compounds. 

When compounds containing sodium and aluminium are being 
30 burned, the sodium in said compounds and the respective 

metal are preferably in an essentially stoichiometric pro- 
portion when the burning takes place. In that case the ma- 
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terial that is being burned ^ i. e. the blended compounds 
containing sodium and aluminium, in the aqueous phase 
and in dropshape, contains aodium and aluminium in a 
substantially stoichiometric proportion, the ratio Na:Al 
5 being 0.5 to 1,5 (preferably 0.9 to 1.1) advantageously 
about 1. The ratio of sodium and aluminium, which is ex- 
pressed as a molar ratio, is important in view of expedi- 
ent use of raw materials, from the viewpoint of the mel- 
ting point of the burning product achieved and in order 

10 to prevent the formation of disadvantageous, difacultly 
soluble corundum. If the material that is to be burned 
contains an excess of sodium^ i. e. if the proportion of 
sodium ahd aluminium is 1.5 or at least higher than about 
1.1, sodium carbonate is produced lowering the melting 

15 point, about 1870 (1600 ^C), of the sodium aluminate, 
or evaporating as ions. If there is substantially less 
sodium than aluminium in the material that is being 
burned, i, e. if the proportion of sodium an aluminium 
is below 0.5 J preferably less than 0.9 or 1, there is 

20 aluminium in excess, causing the formation of inert harm- 
ful corundum, or causing unnecessary circulation when the 
sodium aluminate is used for the purpose of preparing the 
sulfite digesting for cellulose as presented below. 

In burning sodium and the compounds containing the respec- 
25 tive metal, e. g. aluminium in an aqueous phase in suspen- 
sion, the dry matter content of the suspension to be 
burned is usually between 45 and 75 % by weight. The con- 
centration of the suspension, that is the amount of water, 
has no great significance in itself. It is important that 
30 the suspension be easily fluid in view of its handling. 
Furthermore the solution of the sodium is important. Ma- 
ximizing the concentration of the suspension is advantage- 
ous with respect to energy economy , that is in the sense of 
minimizing the water quantity evaporated in the burning 
35 process. The compounds containing sodium and the respec- 

- s - 
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tive metal may be mixed in a separate mixing container, 
the proportion of the quantities of sodium and the me- 
tals being adjustable as desired. It is further possible 
to mix the compounds containing sodium and the respec- 
3 tive metal » in a mixer built in conjunction with the 
burning chsimber^ or also in the nozzle by the aid of 
which the drops to be burned are produced. 

The process of the invention for making sodium-metal 
oxide is based on the burning of compounds containing 
10 sodium and the respective metal, in the shape of drop- 
lets in suspension and/or as a solution. When the com- 
pounds are burned in the form of spray or aerosol type 
droplets, the burning is rapid, i. e. instantaneous. 
The compounds to be burned being mixed together, the 
15 droplets contain sodium and the respective metal in 
correct proportion, whereby the use of sodium and of 
metal in excess is avoided; furthermore the sodium and 
the respective metal react in controlled and desired mi- 
xing proportion. 

It has been found in studies that have been made^ that 
when compounds containing sodium and the respective me- 
tal in question, such as aluminium, in droplets in an 
aqueous phase are being burned, no difficultly soluble 
oxides such as corundum will be formed. This is apparent- 
ly due to the presence of sodium ions and of water. The 
respective metal is also partly dissociated in water, 
whereby the substances are highly reactive and no harm- 
ful byproducts can be formed. 

Furthermore, in the burning of compounds containing so- 
dium and the respective metal, in aqueous phase and as 
droplets, the proportion of sodium and of the respec- 
tive metal is easily controlled because the Inixing of the 
substances may be carried out in the water phase. If the 
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substances were' burned and mixed in dry condition, then 
the achievement of a satisfactory and sufficient result 
of mixing would require accurate grinding, weighing^ and 
mixing operations, the handling of the dry compounds 
5 still being cumbersome and necessitating additio- 

nal handling steps » such as drying for instance. 

The burning reactor, or burner, required due to the bur- 
ning in droplet foiTn, which is instantaneous, may be con- 
structed to be comparatively small and simple in construc- 

10 tion, for instance such as has been disclosed in U.S. 

Patent No. 2, 985 » 506. Then the retention time in the reac- 
tor will be short, and the space requirements of the re- 
actor are^remely small, for instance compared with the 
drum furnaces conventionally used in the manufacturing 

13 of sodium aluminate (see U.S. Patents No. 3»06l,408 and 
3,787,253)- 

Pig. 2 shows another embodiment of the invention, where- 
in the process has been utilized in a sulfite cellulose 
manufacturing process on an industrial scale. In the pro- 

20 cess, the waste liquor 1 containing sodium lignosulf onates 
is separated in a separator 34 from the pulp 320 obtained 
from the digester 32, and for burning it is conducted to- 
gether with aluminium hydroxide 2 to a mixer- evaporator 
3 and further to a burning reactor 6. The burning of the 

25 compotuds 1,2 containing sodium and aluminium takes place 
in a similar manner as in the embodiment of Pig. 1, by 
spra^ng the compounds mixed with each other into the bur- 
ning chamber, as an aqueous suspension with 45 to 75 % 
by weight dry matter content in droplet shape, the burning 

30 taking place at a temperature between 970 and I87O 

(700 to 1600 °C). The sodium aluminate ashffjproduced in 
the burning process 8, is separated by means of an elec- 
trofilter 9 and conducted - as indicated by 10 - into a 



- II - 
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tank 12 to be suspended in water and, further in suspen-- 
ded condition 130, to a storage tank 13 • The flue gases 
7 arising from the burning of the compounds 1 and 2 in 
the burning chamber 6, mainly consisting of carbon di- 
5 oxide and sulphur dioxide, are carried to sulphur di- 
oxide recovery Venturis 21,22,23,24. 

The sodium aluminate emerging from the process is used 
together with the sulphur dioxide that is obtained, to 
prepare the digesting liquor or solution. Prom the sto- 

10 rage tank 13, the sodium aluminate suspension 140 is con- U:- 
ducted through a separator 14 sepeirating solids 2' and 
through a container 15 via pipe conduits 151 and 150 to 
the bottom of a counter current washing venturi 24. Si- 
multaneously the flue gases 7 are washed with water in 

15 the washing venturi 21, and the washing water 250 is 
carried, together with the sulphur dioxide dissolved 
therein, from the bottom of the venturi to the bottom of 
venturi 24. The flue gases 222 not solved in water in 
venturi 21 are conducted to the next venture 22 for wa- 

20 shing, further- indicated by 232 - to the next venture 

23, and finally - indicated by 242 - to venturi 24 and 
then to a flue gas outlet 260. Prom the venture 24, the 
aqueous solution and suspension 243, formed there by flue ^- 
gases and by sodium aluminate Is conducted to the prece- 

25 ding venturi 23, and further - as indicated by 233 - to 
the venturi 22 and finally - as indicated by 223 - to the 
mixing tank 16. The Venturis 21 to 24 additionally have 
an internal circulation, and solution iift continuously cir- 
culated from the bottom of the Venturis through the upper 

30 part of the venturi. 

During the washing of flue gases 7 in the Venturis 21 to 

24, the sodium aluminate and the sulphur dioxide react as 

f oi 1 ow« : 

- ISL - 
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NaAlOg + ZHgO + SOg — ^ NaHSO^ ♦ AKOH)^ 

Thus» the reaction products containing sodium which are 
formed in the dissolving of sodium aluminate are con- 
verted into sodium bisulfite with the aid of sulphur di- 
5 oxide. 

From a mixing tank l6, the suspension containing sodium 
bisulfite and aluminium hydroxide that has been formed 
is conducted to an aluminium hydroxide sepairator 18, 
where the aluminium hydroxide 170 is separated and con- 

10 ducted to a mixing tank 17* and through a second sepa- 
rator 19 for sodium bisulfite 201 to the mixer- evapora- 
tor 3 for burning. The sodium bisulfite solution 200,201 
obtained from the separators l8 and 19 is conducted to 
an acid concentration reactor 20, and the concentrated 

15 acid 310 to an acid tank 31 and further to a digesting 
acid preparing tank 33 and to a digester 32. There is a 
continuous circulation between the tanks 31 and 33, and 
the digesting chemicals are added in the tank 33* The 
digesting liquor for the digesfeer 32 is taken from the 

20 circulation pipe system 330. 

( In addition to the digesting acid, the lignocellulose- 

containing raw materials, such as wood chips 3^0 are 
fed into the digester 32. Ujpon digestion, after defi- 
bration has taken place, fibrous matter 40 is separated 
25 from the pulp obtained, in the separator 34, and the 

waste liquor 1 containing sodium lignosulfonates is con- 
ducted to the mixer- evaporator 3 to be evaporated and 
further for burning. 

Example 1 

30 To waste or spent liquor containing sodium li^nosulf onate. 



- 13 • 
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Obtained from the sulfite digestion of cellulose » there 
was added aluminium hydroxide ^ and the suspension thus 
obtained was burned, using an experimental set-up as 
shown in Pig. 1, in a horizontal cylindrical burning 
5 chamber. The temperature in the burning chamber was 

raised to a starting temperature above 1^70 (1200 ^C) 
by burning hydrocarbons by an ancillary burner. The ashes 
thus formed consisted, of sodium aluminate as found out 
by way of an x-ray diffraction analysis; on dissolving 

10 the ashes in water, 80 % sodium aluminate were solved, 
calculated on the dry matter content of the burnt sus- 
pension. When burning said suspension air was conducted 
into the burning chamber; an analysis revealed the fol- 
lowing composition of the flue gases: 2,7 < hydrogen, 

15 0.9 Jf argon and oxygen, 77.2 % nitrogen, 2,4 % carbon 

monoxide, l6.1 % carbon dioxide, 0.3 % hydrogen sulfide, 
0.02 % sulphur compounds of carbon » 0*05 % sulphur di- 
oxide, and 0.2 % methane. 



The experiment was repeated, using spent or waste liquor 
20 obtained from sulfate digestion of cellulose (alkalilig- 
nins) as sodium compound instead of waste liquor from 
sulfite digestion. 

Example 2 

Aluminium hydroxide was admixed to waste liquor derived 
25 from sodium bisulfite digestion of cellulose, and the 
suspension was burned by spraying it through a Urquhart 
nozzle into a burning chamber as shown in Pig. 1. The 
temperature in the burning chamber was regulated with 
the aid of an ancillary burner using hydrocarbons. The 
^ 30 chamber consisted of a vertical cylinder, thfe supplying 

of the suspension and of additional fuel as well as of 
combustion air thereinto being performed through the in- 
ner end of the cylinder. The lower end of the burning 
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chamber opened into the fire chamber of a steam boiler, 
with a capacity of t/h. The ashes which formed in the 
burning chamber were dissolved in water, and the solu- 
tion was analysed. Table 1 shows the results: 

5 Table 1 

Test Burning conditions Results of analysis 



No. 


Nozzle 
dxa, nun 


Press i 
kPa 


Na/Al 


Temp. 
OK 


In sol. 
Na, % 


In sol. 
Al, % . 


Al 

diss. 
% 


1 


2.2 


137 


0.6 


1273 


13.1 


9.9 


45 


2 


1.8 


334 


1.0 


1473 


13.4 


11.4 


85 


3 


1.8 


334 


3.0 


1473 


15.6. 


3.5 


67 


4 


1.8 


334 


1.5 


1273 


27.2 


21.8 


84 


5 


1.8 


334 


1.5 


1573 


16.2 


11.9 


100 


The 


examples 


of the 


embodiments 


are only 


meant to 


illu- 



strate the invention, without restricting it in any way 



whatsoever. 



BNSDOCID: <EP ^0000398A1J_> 



- 1 - 



0000398' 



Claims 

1. Method of producing sodium-metal oxide by burning 
from compounds containing sodium and the respective 
metal, said metal being aluminium, titanium, or vana- 

5 dium, characterized in that com- 
pounds containing sodium and the respective metal are 
mixed together, sprayed into a burning chamber in the 
aqueous phase and in droplet shape, and burned at a 
temperature between 970 and I87O <700 and I6OO ^C) 
10 to become sodium-metal oxide. ( 

2. Method according to claim 1, characte- 
rized in that the sodium compound and the me- 
tal compound used are burned at a temperature between 
1170 andl570 (900 and 1300 ^C), preferably between 

15 1270 and 1520 (1000 and 1250 ^C). 

3. Method according to claim 1 or 2, char act e - 

r i z e d in that the sodium and the respective me- 
tal contained in the sodium and metal compounds are 
substantially in stoichiometric proportion in the drops 
20 or droplets to be burned. 

Method according to any of claims 1 to 3, cha- 
racterized in that the main part of the 
metal compound used ds an aluminium compound. 

5. Method acc6rding to claim 4, characte- 
25 rized in that the main part of the metal com- 
pound used is aluminium hydroxide. 

6. Method according to any of claims lto5, cha- 
racterized in that the main part of the 

- 2 - 
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compound containing sodium Is composed of lignosul- 
fonates. 

7. Method according to any of claims lto5* cha- 
racterized in that the main part of the 
compound containing sodium is composed of alkali lig- 
nins. 

8. Method according to any of claims 1 to 7, cha- 
racterized in that the material to be 
burned contains sodium and aluminium in^roportion 
Na:Al totalling 0.5 to 1.1, preferably 0,9 to 1.1, 
advantageously about 1. 

9. Method according to any of claims 1 to 8, cha- 
racterized in that the compounds contai- 
ning in their main parts sodium lignosulfonates and alu- 
minium hydroxide are mixed with each other and sprayed 
into a burning chamber as an aqueous suspension in the 
form of droplets and are burned to become NaAlOg at a 
temperature between 1170 and 1570 (900 and 1300 ^C), 
the proportion of the quantities of sodium and aluminium 
in the droplets being between 0.9 and 1.1. 
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